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Current molecular dynamics (MD) simulations can only address timescales of a few 
milliseconds at best. This is a crucial limitation for a wide array of phenomena 
where materials evolve slowly over seconds, days, even years. The existing 
techniques to accelerate MD consider a fixed potential energy surface (PES) and 
various methods to generate pathways for escaping local energy minima and evolve 
kinetically (e.g. temperature-based activation, energy penalty functions, etc.). No 
technique has become predominant, due to a difficult balance between ability to find 
probable pathways and computational cost. Here we propose a new approach based 
on Renormalisation Group (RG) theory. Originally designed for high energy particle 
physics RG methods have enjoyed great success in Condensed Matter Physics to 
calculate critical exponents near phase transitions however their application to out 
of equilibrium physics has been limited. The key novelty is that RG allows deciding a 
coarse-grained timescale over which to consider the system and, based on that, it 
computes a smoothened version of the PES. Local energy barriers eventually 
disappear in the renormalised PES, and this enables the evolution of the system. 
Here we will present the key conceptual and mathematical aspects of our RG 
approach. Some first results will be presented too, concerning the overdamped 
Langevin dynamics of a particle moving in 1D within a given PES. The results show 
how the PES changes as increasingly coarse-grained timescales are explored. We 
also show how in a few seconds the RG approach can approximate the decay of the 
autocorrelation function, obtained otherwise using lengthy MD simulations. 
 
